We use two catalogues, a Herschel catalogue selected at 500 µm (HerMES) and an IRAS catalogue selected at 60 µm (RIFSCz), to contrast the sky at these two wavelengths.
INTRODUCTION
A key discovery of IRAS was the prevalence of very luminous starburst galaxies. Galaxies with infrared luminosities > 10 12 L⊙ were defined to be ultraluminous (Soifer et al 1984 , Houck et al 1985 , and those with luminosities > 10 13 L⊙ were defined to be hyperluminous (RowanRobinson et al 2000, Rowan-Robinson and . Submillimetre selected samples from Herschel show the existence of even more extreme objects (Rowan-Robinson et al 2016) . Here we use infrared template modelling to select sources on the basis of their star-formation rate rather than ⋆ E-mail: mrr@imperial.ac.uk their infrared luminosity. Extreme starburst pose a problem for semi-analytic models of galaxy formation because the observed number-density of galaxies with star-formation rates > 1000M⊙/yr substantially exceed the model predictions (Dowell et al 2014 , Gruppioni et al 2015 , Henriques et al 2015 , Asboth et al 2016 , Lacey et al 2016 .
Two very different infrared surveys have highlighted the existence of extreme starbursts, with star-formation rates extending up to 30,000 M⊙/yr. The Revised IRAS Faint Source Survey Redshift (RIFSCz) Catalogue (Wang et al 2014a ) is a 60 µm survey for galaxies over the whole sky at |b| > 20 o , which incorporates data from SDSS, 2MASS, WISE, and Planck all-sky surveys to give wavelength coverage from 0.36-1380 µm. Since publication of Wang et al (2014a) Akari fluxes have been added to the catalogue, using a search radius of 1 arc min. An aperture correction needs to be applied to Akari 65 and 90 µm fluxes to give consistency with IRAS photometry (Rowan-Robinson and Wang 2015) . The optical and near-infrared photometry of 1271 catalogued nearby galaxies has been improved, following a systematic trawl through the NASA/IPAC Extragalactic Database. Wang et al (2014) found that 93% of RIFSCz sources had optical or near infrared counterparts with spectroscopic or photometric redshifts. Table 1 summarises the number of RIFSCz galaxies by waveband. The HerMES survey (Oliver et al 2012) allows us to construct a 500 µm sample of galaxies in areas in which we have optical and infrared data from the Spitzer-SWIRE survey (Rowan-Robinson et al 2014 . Selection at 500 µm, rather than say 250 µm, gives us greater visibility of the high redshift universe and has the benefit of ensuring detection also at 350, and in most cases 250, µm, to give valuable SED information. The complete HerMES-SWIRE (Lockman+XMM+ES1+EN1+CDFS) 500 µm catalogue consists of 2181 galaxies, of which 275 are lensing candidates. In the Lockman+XMM+ES1 areas there are a further 833 good quality 500+350 µm sources which are not associated with Spitzer-SWIRE galaxies, for which Rowan-Robinson et al (2016) have estimated redshifts from their submillimetre colours. Table 2 contrasts the extragalactic sky as seen at 60 and 500 µm.
The COSMOS survey (Scoville et al 2007) area was also part of the HerMES SPIRE survey and the full COS-MOS photometric survey has been published by Laigle et al (2016) . Photometric redshifts have been discussed by Ilbert et al (2013) and Laigle et al (2016) . Scoville et al (2016) have used these data to analyse gas masses and star formation rates from z = 1-6. The approach, based on monochromatic luminosities at 850 µm and CO (1-0) luminosities, glosses over the subtleties of variations of optical depth between sources which we try to capture through radiative transfer modelling of multi-wavelength SEDs (see also the discussion by Berta et al 2016). Pearson et al (2017) have used COS-MOS data to discuss deblending and cross-identification issues for Herschel SPIRE data and, like Rowan-Robinson et al (2014, 2016) , use the optical to mid-infrared SED data to inform the association process. There are 181 500 µm sources with flux greater than 25 mJy, the flux limit we used in Rowan-Robinson et al (2016) , and which also have 350 µm detections, in the 2.0 sq deg of the COSMOS survey. All have 24 µm associations. This yields a 500 µm sourcedensity of 90 per sq deg, similar to that found in the 26.3 sq deg of our sample. Schulz et al (2017) have published a new IPAC SPIRE catalogue (HPSC) which analyses data taken in all Herschel SPIRE programmes in a homogeneous way. This would appear to offer the opportunity of a much larger sample of SPIRE galaxies. We used the HPSC catalogue to create a 250-350-500 µm list as in Rowan-Robinson et al (2014) . When we associated this list with the SWIRE photometric redshift catalogue (Rowan-Robinson et al 2013), we found only about half of the 2181 sources. This is an issue acknowledged in the HPSC explanatory supplement, which they attribute to blending of SPIRE sources in their detection procedure.
We also associated this HPSC 500 µm catalogue with RIFSCz, finding 1640 associations. Many of these were also detected by Planck and so we can make a direct comparison of 350 and 500 µm fluxes in the two surveys. We find that we need an aperture correction of k*delmag, where delmag = Jext − Jps is the J-band aperture correction and k=0.15 at 350, and 0.10 at 500 µm, to get agreement of SPIRE and Planck fluxes. Previously Wang et al (2014) reported the need for aperture corrections to be applied to WISE fluxes at 12 and 22 µm. The latest version of RIFSCz (http://astro.ic.ac.uk:/public/mrr/fss/readme) thus provides a comprehensive collection of fluxes, with aperture corrections where necessary, from optical (SDSS), near infrared (2MASS), mid and far infrared (WISE, IRAS, Akari), through to submillimetre and millimetre (Herschel and Planck).
Section 2 of this paper discusses lensed galaxy diagnostics, section 3 discusses stellar mass, dust (and gas) masses and star formation rates, section 4 discusses extreme starbursts and section 5 discusses the role of AGN.
A cosmological model with Λ=0.7, h0=0.72 has been used throughout. If we were to use H0 = 67km/s/M pc (Planck 2015) luminosities and star-formation rates would be increased by 15.5%. Table 2 shows a comparison of the sky seen at 60 and at 500 µm. The most striking aspects of 500µm selection are (i) a much higher fraction of high redshift galaxies (Franceschini et al 1991) , (ii) a much higher fraction of lensed objects (Blain et al 2002) , (iii) a much higher fraction of galaxies with cool or cold dust (RR et al 2010 , Rowan-Robinson and Clements 2015 . Figure 1 illustrates the 3.6-24-500 µm diagnostic ratios used by Rowan-Robinson et al (2014) to select lensed objects. It is a plot of S500/S24 versus S3.6/S500, with candidate lensed objects shown in red, normal cirrus galaxies shown in black, galaxies with cool dust shown in blue and galaxies with cold dust shown in magenta. The colour selection shown, with Figure 1 . S24/S500 versus S3.6/S500 for Hermes-SWIRE galaxies (Lock+XMM+ES1+CDFS+EN1) with 0.15< z <0.95. Red filled circles: lensing candidates,large black filled circles: galaxies with standard cirrus components, blue filled circles: galaxies with cool cirrus components, magenta filled circles: galaxies in Lockman (Rowan-Robinson et al 2014) with cold cirrus components, small black dots: non-cirrus galaxies. (2010) point out that there is a discrepancy between the ISO 90 µm flux and the IRAS 60 and 100 µm fluxes and if the former is adopted a much lower SFR (4,400 M⊙/yr) is obtained. 3 are blazars, for which the submillimetre emission is non-thermal, one object is more probably associated with a z=0.032 Zwicky galaxy, and three have photometric redshifts >4 which their SEDs show are implausible: these 7 have been removed from Fig 2R) . We are left with 10 new candidate lenses, of which 5 have spectroscopic redshifts.
LENSED GALAXY DIAGNOSTICS

STELLAR MASS, DUST (AND GAS) MASS, STAR FORMATION RATE
Our approach of fitting optical and near infrared SEDs with templates based on stellar synthesis codes (Rowan-Robinson et al 2010, Babbedge et al 2010) allows us to estimate stellar masses, and fitting mid infrared, far infrared and submillimetre data with templates based on radiative transfer models , allows us to estimate star formation rates and dust masses. In this paper we particularly focus on the very highest rates of starformation found.
In the automated fitting of infrared SED templates and calculation of infrared luminosities and other derived quantities, we previously normalised the SEDs at 8 µm, if the source was detected there, or at 24 µm otherwise. In studying the SEDs of galaxies with very high star-formation rates,we have found that normalisation at 8µm for sources at z = 1.5-3.5 can result in poor estimates of the infrared luminosity, because for many sources with z > 1.5 the 8 µm emission is dominated by starlight. For z>3.5 we already required normalisation to be at 24 µm. We have therefore switched to normalisation at 24 µm for all sources. We can do this for this sample because we require a 24 µm detection in order to associate a Herschel source with a SWIRE photometric redshift catalogue source. This change significantly reduces the number of very high luminosity (and high star-formation rate) galaxies. Figure 2L shows our revised plot of star-formation rate (SFR) against redshift for HerMES-SWIRE galaxies, which can be compared with Fig 2L of Rowan-Robinson et al (2016) . Details of the revised HerMES-SWIRE catalogue are given at http://http://astro.ic.ac.uk/public/mrr/spiresfr/ readmespirerev. These changes have some effect on the bright end of the star-formation rate functions (see appendix), but a negligible effect on the derived starformation-rate density from z = 0-6. Figure 2R shows the SFR against redshift for HerMES-SWIRE and RIFSCz galaxies with SFR > 1000M⊙/yr. Typical IRAS 60 µm and Herschel 500 µm detection limits are indicated. The highest star-formation rates significantly exceed the highest rates found by Weedman and Houck (2008) at 0 <z < 2.5. There appears to be a natural upper limit to the SFR of 30,000 M⊙/yr. No HerMES-SWIRE galaxies are found above this value and the IRAS-FSS galaxies above this limit are probably gravitational lenses (see previous section and Table 3 ). This limit could represent an Eddington-type radiation pressure limit on the star-formation rate of the kind postulated by Elmegreen (1983) (2001) give a limit for L/M * of 500 L⊙/M⊙, which would translate to SFR < 10 4.5 M⊙/yr for M * < 10 11.5 M⊙. Figure 2 . L: Star formation rate versus redshift for HerMES Lockman+XMM+ES1 galaxies, with 500 µm selection limits for each template type. R: Star-formation rate versus redshift for extreme starbursts. Data from HerMES Lockman+XMM+ES1 (Rowan-Robinson et al 2016) and from the IRAS RIFSCz catalogue (Wang et al 2014) . Known lenses are indicated by L and cases known to be unlensed indicated by U (Farrah et al 2002) . Typical 60 and 500 µm selection limits are indicated by the red and cyan loci.
We can use the dust mass as a proxy for gas mass, assuming a representative value for Mgas/M dust . Magdis et al (2011) have summarised values of Mgas/M dust as a function of metallicity for local galaxies, and shown that a redshift 4 galaxy lies on the same relation, with Mgas ∼ 100M dust (cf also Chen et al 2013). We use this ratio to estimate Mgas and then compare this with our stellar mass estimates. Figure 3L shows a plot of (100 M dust )/M * versus redshift for HerMES galaxies. For HerMES galaxies with z>1, Mgas is comparable with Mstars, so these are very gas-rich galaxies (as noted by Rowan-Robinson et al 2010) . Very high gas fractions have been found in galaxies with z > 1 by Daddi et ak (2010) , Tacconi et al (2010 ), and Carrilli and Walter (2013 . At low z, 100M dust ∼ 0.01 − 0.1M * so these galaxies have consumed most of their gas in star-formation.
If we look at M * /SF R as a function of z (Fig 3R) , we see that the time to double the stellar mass at z = 3-5 is ∼ 10 8 yrs. In some objects the gas-depletion time is as low as 1-3x10 7 yrs (cf Rowan-Robinson 2000, Carilli and Walter 2013). The Scoville et al (2001) Eddington limit quoted above translates to M * /SF R ∼ 10 7 yrs. The picture that emerges is that the Herschel galaxies at z>3 are in the process of making most of the stars in the galaxy. Essentially these are metal factories. However we are not seeing monolithic galaxy formation of the kind postulated by Partridge and Peebles (1967) , even though the star-formation rates and time-scales are similar to those they suggested, because we can see from the optical and near infrared SEDs that there has been an earlier generation of star-formation at least 1 Gyr prior to the star-formation we are witnessing. Between z = 1 and the present epoch we see a dramatic decline in the gas content and star-formation rate. For z <0.5 the gas depletion time-scale is longer than the age of the universe so these are galaxies that must have had a much higher rate of star-formation in the past.
EXTREME STARBURSTS
Here we focus on galaxies with implied star-formation rates greater than 5000 M⊙/yr. Previously, detailed studies have been presented of just two objects in this class: RowanRobinson and Wang (2010) show the SED of one unlensed RIFSCz galaxy in this class (IRAS F15307+3252, z = 0.926) with SFR = 5100 M⊙yr −1 , and Dowell et al report an object (FLS1, z = 4.29) with SFR = 9700 M⊙yr −1 . We show modelling of individual SEDs for all HerMES-SWIRE (Lock+XMM+ES1) galaxies with SFR > 5000M⊙yr −1 . There are 66 in all (details given in Tables 3 and 4), but SED modelling shows that 8 of these have low-redshift aliases which are more likely. Rowan-Robinson et al (2016) showed that fitting our starburst templates to the 250-350-500 µm data gives an effective estimate of submillimetre redshift, z subm . Combining the χ 2 distributions for the photometric and submillimetre redshifts gives a best fit combined redshift z comb . Values of z subm and z comb are given in Tables 3 and 4 . For a further 7 sources, z comb is significantly less than z phot and we have shown the SED with z comb above the corresponding SED for z phot . For these 7 the alternative SED did not seem a better fit than that for z phot . Generally the SED fits for the 58 sources are plausible. Only 3 are based on spectroscopic redshifts and it would be desirable to obtain further spectroscopy. Fig 4L shows SEDs of objects whose optical and near infrared data is fitted with a QSO template. Pitchford et al (2016) have studied 513 Type 1 QSOs detected by Herschel at 250 µm, some in the HerMES-SWIRE areas, and found star-formation rates ranging up to 5000 M⊙/yr, so there is almost no overlap with our sample. Fig 5 shows SEDs of objects whose optical-nir data is fitted with a galaxy template, but whose mid ir data show the presence of an AGN dust torus, i.e. these are Type 2 AGN. Altogether 30/58 objects are QSOs or Type 2 AGN. All of these have starburst components too and in no case does the luminosity in the AGN dust torus exceed that of the starburst. Fig 6 shows SEDs of objects whose optical and near infrared data are fitted with galaxy templates and whose mid ir, far ir and submillimetre data are fitted with M82 or Arp220 starburst templates. Fig 4R shows galaxies whose mid and far infrared, and submillimetre, data are fitted with young starburst templates. Altogether 28/58 objects are pure starbursts.
Star-formation rates in the range 5000-30,000 M⊙/yr are not predicted by semi-analytic models of galaxy formation (Gruppioni et al 2015 , Henriques et al 2015 , Lacey et al 2016 and so these objects pose a serious challenge to theoretical models. Our 58 Herschel-SWIRE objects correspond to a surface density of 2.8 extreme starbursts per sq deg. 500 µm sources which are not associated with SWIRE galaxies could add a further ∼ 9 extreme starbursts per sq deg.
ROLE OF AGN
A surprisingly high proportion of Herschel extreme starbursts have an AGN dust torus component (52%), though the dust tori are quite weak and in no case does Ltor exceed L sb . Figure 7 shows the covering factor, Ltor/Lopt versus redshift for SWIRE QSOs. Assuming the bolometric output of the black hole, L bh = 2.0Lopt (RR et al 2009), the average covering factor, f, is ∼0.4 for z>2, declining to ∼0.16 at z = 0. This trend can also be interpreted as a decline in dust torus covering factor with declining optical (and bolometric) luminosity (see Rowan-Robinson et al 2009 and references quoted therein). Using this relation, Fig 8L shows black-hole mass, M bh β −1 , versus total stellar mass, M * , for Herschel galaxies and for IRAS-FSS galaxies with z < 0.3, where M bh is estimated from L bh assuming that the AGN is radiating at a fraction β of the Eddington luminosity:
L bh = βL Edd = 4πβGM bh mpc/σT = 3. Since QSOs are excluded from fig 8L by the requirement for a measurement of stellar mass, these are all Type 2 AGN. The mean value of lg10L bh /(βM * ) for 500 HerMES-SWIRE AGN is -4.11, with an rms dispersion of 0.56. Figure 8R shows M bh β −1 /M * versus redshift for the same galaxies. If we take β ∼ 0.1 as a characteristic value, then M bh /M * ∼ 0.001 at all redshifts, with a range of ± 1 dex. This is reminiscent of the Magorrian et al (1998) relation between black-hole mass and bulge mass (see also review by Kormendy and Ho (2013) . This ratio is set by the very high star-formation (and black-hole build-up) at redshift 2-5. The Milky Way, with M * = 6.10 10 M⊙ and M bh = 4.10 6 M⊙ lies in the lower end of this range. Figure 9 shows Macc/SF R versus redshift for Herschel galaxies and for (non-Herschel) SWIRE galaxies (smaller symbols), where the black-hole accretion rate Macc is calculated assuming conversion efficiency of accreting mass to radiation is ǫ=0.1: L bh = ǫṀ accc 2 . (2) Note that the combination of equations (1) and (2) higher at z <0.5. The IRAS AGN (not shown) are consistent with low-z SWIRE galaxies. Barnett et al (2015) quote a much higher value of Macc/SF R ∼ 0.2 for a redshift 7.1 QSO, based on a SFR derived from the CII 158 µm line. However they also quote a bolometric luminosity of 6.7 x 10 13 L⊙, which could yield a SFR of ∼ 13,000 M⊙/yr, about 100 times their estimate from CII, and this would move Macc/SF R into the range seen in Fig 9. The star-formation rates in z<0.5 galaxies are 1000 times lower than those seen in the extreme starbursts, but the black hole accretion rates are only 30 times lower. in these high redshift, high luminosity submillimetre galaxies we are presumably seeing major mergers (Chakrabarti et al 2008, Hopkins et , in which the star formation is taking place close to the galactic nucleus, so it is not surprising that there is a strong connection between star-formation and black-hole . SEDs of Lockman-SPIRE 500 µm sources with extremes starburst luminosities labelled with the redshift, farir-submm fitted with M82 or A220 starburst templates. Lower redshift aliases (z comb ) are shown with redshift bracketed, above SED for the higher redshift alias. Dotted loci: M82 starburst, dashed loci: Arp 220 starburst, long-dashed loci: AGN dust torus, red loci: young starburst template.
growth. However at recent epochs star-formation is mainly fed by accretion from the cosmic web, by minor mergers and interactions, and by spiral density waves, so is taking place further from the galactic nucleus. This uncouples the direct connection between star-formation and black-hole growth. The gas feeding the black hole is fed to the galactic nucleus more gradually and may include gas fed by mass-loss from stars. It is still surprising that it is so much easier to feed a black hole at the present epoch than it is to form stars.
Shallower evolution for AGN compared to that for starbursts was found for source-count models in which different types of object were allowed different rates of evolution (RowanRobinson 2009).
It is possible that the high proportion of AGN amongst these extreme starbursts is pointing to the influence of AGNjet-induced star formation in these extreme objects (Klamer  et al markably well matched at a few x 10 7 yrs (cf Rigopoulou et al 2009). However the greatly enhanced gas supply to the nucleus associated with violent mergers may be a sufficient explanation.
The SWIRE-Lockman area includes the CLASX X-ray survey and Rowan-Robinson et al (2009) gave a detailed discussion of the associations of CLASX and SWIRE sources. Only 2 of the 400 CLASX-SWIRE sources are detected by Herschel-SPIRE. While AGN are present in the Herschel submillimetre galaxy population, they make a negligible contribution to the submillimetre flux.
CONCLUSIONS
After careful exclusion of lensed galaxies and blazers, we have identified samples of extreme starbursts, with starformation rates in the range 5000-30,000 M⊙/yr, from the IRAS-FSS 60 µm galaxy catalogue (RIFSCz) and from the Herschell-SWIRE (HerMES) 500 µm survey. There do not seem to be any genuine cases with SFR>30,000 M⊙/yr and this may be essentially an Eddington-type limit. The SEDs of 58 HerMES extreme starbursts have been modelled in detail. The photometric redshifts are, in almost all cases, supported by redshift estimates from the 250-500 µm colours. Using dust mass as a proxy for gas mass, extreme starbursts are found to be very gas rich systems, which will double their stellar mass in 0.3-3 x 10 8 yrs. About half of the Herschel extreme starburst systems also contain an AGN, but in no case do these dominate the bolometric output. With assumptions about the Eddington ratio and accretion efficiency, we find a universal relation between black-hole mass and total stellar mass, with M bh ∼ 0.001M * . This is driven by the episode of extreme star-formation and black hole growth at z=2-5. But while the star formation rate has fallen by a factor of 1000 between redshift 5 and the present epoch, the black hole accretion rate has fallen by a factor of only 30, suggesting a decoupling between star formation and the feeding of the nuclear black hole.
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